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5 BACKGROUND OF THE INVENTION 
FIELD OF THE IN\^ENTION 

The invention relates to an apparatus for spin-coating a semiconductor 
substrate, and a method of spin-coating a semiconductor substrate. 

10 DESCRIPTION OF THE RELATED ART 

There arc many methods of coating a semiconductor substrate such as a 
silicon wafer and a mask substrate with chemical such as photoresist. A typical 
one among such methods is spin-coating. 

In spm-coating, as illustrated in Fig. 1, a semiconductor substrate 1 is 
15 fixed on a rotary table 2 by means of a vacuum wafer chuck 3. Chemical 5 is 
dropped onto a center la of the semiconductor substrate 1 from an application 
nozzle 4 having a vertical axis A. 

Then, a spindle shaft 6 is rotated to thereby rotate the rotary table 2 
and accordingly the semiconductor substrate 1 in a direction indicated with an 
20 arrow B. As a result, there is generated centrifugal force exerts on the chemical 
5. The chemical 5 is uniformly spread over the semiconductor substrate 1, and 
thus, there is formed a chemical coating layer 5a having a uniform thickness. 

A thickness of the chemical coating layer 5a is dependent on various 
factors, in particular, on a viscosity of the chemical 5. 
25 The above-mentioned spm-coating is accompanied with a problem that 

the chemical coating layer 5a has a locally increased thickness at the center la 
and a periphery lb of the semiconductor substrate 1. The reason is as follows. 
The centrifugal force is equal to almost zero in the vicinity of the center la of the 



semiconductor sul 



ibstrate 1. Hence, the centrifugal force does not exert on the 



chemical around the center la of the semiconductor substrate 1, resulting in an 
increase in a thickness of the chemical coating layer 5 at the center la. Since a 
peripheral speed of the semiconductor substrate 1 in the vicinity of the periphery 
lb is relatively high, solvent contained in the chemical 5 is facilitated to volatilize, 
resulting in an increase in a thickness of the chemical coating layer 5 at the 
periphery lb. 

As mentioned above, spin-coating cannot always provide a uniform 
thickness in a chemical coating layer. In order to solve this problem, many 
attempts have been suggested. 

Fig. 2 illustrates one of apparatuses for spin-coating a semiconductor 
substrate having been suggested in order to solve the problem. 

With reference to Fig. 2, in a chamber 11 of the spin-coating apparatus, 
there is installed a chuck designed to be rotatably driven by a motor 12. Above 
the chuck 13 is situated a nozzle 15 through which chemical is dropped onto a 
wafer 14 fixed on the chuck 13. 

The chamber 11 is formed with a drain 11a through which residual 
chemical not used for coating is discharged and a discharge port lib through 
which chemical scattering in the chamber 11 is discharged. 

An electrode 16 is embedded in the chuck 13. The electrode 16 is 
electrically connected to a negative terminal of a dc power source 17. 

The spin-coating apparatus illustrated in Fig. 2 operates as follows. 

First, the wafer 14 onto which chemical is to be applied is fixed on the 
chuck 13, and then, chemical 18 is dropped onto a center of the wafer 14 through 
the nozzle 15. 

Then, the wafer 14 is rotated at 1000 rpm to thereby uniformly spread 
the chemical 18 over the wafer 14. Thus, there is formed a chemical coating 
layer having a uniform thickness. 

In accordance with the above-mentioned spin-coating apparatus, it is 
possible to apply the chemical onto the wafer 14 such that spaces between 



projections formed on a surface of the wafer 14 are filled with the chemical, if such 
spaces are relatively long, for instance, if such spaces are equal to or longer than 
0.5 u m. 

However, when such spaces are relatively small, for instance, if such 
5 spaces are equal to or smaller than 0.1 ^ m, it was impossible to fill the chemical 
in the spaces formed between projections, due to surface tension of the chemical 
18 and/or resistance of air sealed between the spaces. 

Hence, the spin-coating apparatus illustrated m Fig. 2 is accompanied 
with a problem that a resultant photoresist has a pattern different from a 
10 designed pattern. 

In order to solve this problem, Japanese Unexamined Patent 
Pubhcation No. 4-135667 has suggested such an apparatus for spin-coating a 
semiconductor substrate as illustrated m Fig. 3. Parts or elements that 
correspond to those of the spm-coating apparatus illustrated m Fig. 2 have been 
15 provided with the same reference numerals. 

The illustrated spin-coating apparatus is designed to include a second 
electrode 19 embedded m the nozzle 15 as well as the electrode 16 embedded in 
the chuck 13. The second electrode 19 is electrically connected to a positive 
terminal of a dc power source 20. 
20 In the spin-coatmg apparatus illustrated in Fig. 3, dc voltages having 

opposite polarities are apphed to the electrode 16 embedded in the chuck 13 and 
the second electrode 19 embedded in the nozzle 15. Hence, there is generated 
Coulomb force between electric charges existing on a surface of the chemical 18 
having been dropped from the nozzle 15 and electric charges existing on a surface 
25 of the wafer 14 placed on the chuck 13. Thus, it is possible to fill the chemical 18 
in small spaces formed between projections formed on the wafer 14, which ensures 
to avoid formation of a photoresist having a pattern different from a designed 
pattern. 

Japanese Unexamined Patent Publication No. 5-259053 has suggested 



an apparatus for spm-coatmg a semiconductor substrate, in order to solve the 
problem that a resultant photoresist has a pattern different from a designed 
pattern. 

Fig. 4 illustrates the suggested spin-coating apparatus. The 
illustrated spin-coating apparatus is comprised of a rotary table 22 fixed to a 
spindle shaft 21 for rotation, an electrode table 24 facing the rotary table 22 and 
designed to raise and lower relative to the rotary table 22 by means of a support 
shaft 23, and a nozzle 27 for dropping chemical 26 onto a wafer 25, situated above 
the rotary table 22 and designed to be vertically movable. 

A plurality of lower electrodes 28 are coaxially arranged and equally 
spaced in the rotary table 22. The lower electrodes 28 are electrically connected 
to a power source (not illustrated) through wirings 29 arranged in the spmdle 
shaft 21. 

A plurality of upper electrodes 30 are coaxially arranged and equally 
spaced in the electrode table 24. The upper electrodes 30 are electrically 
connected to a power source (not illustrated) through wirings 31 arranged in the 
support shaft 23. 

The spm-coatmg apparatus illustrated in Fig. 4 operates as follows. 

After chemical 26 has been dropped onto the wafer 25 from the nozzle 
27, the nozzle 27 is raised. Then, the electrode table 24 is lowered to a certain 
position. 

Then, the rotary table 22 is rotated to thereby spread the chemical 26 
over the wafer 25. During the rotary table 22 is being rotated, predetermined 
voltages are applied to both the lower electrodes 28 and the upper electrodes 30. 
The application of the voltages makes it possible to uniformly spread the chemical 
26 over the wafer 25, ensuring photoresist having a desired pattern. 

However, the spin-coating apparatuses illustrated in Figs. 3 and 4 are 
accompanied with such a problem as mentioned below. 

In the spin-coatmg apparatus illustrated in Fig. 3, since the second 



electrode 19 faces only a central region of the electrode 16, an electric field formed 
between the electrode 16 and the second electrode 19 has an intensity which is 
great only m a central region, and hence, an electric field formed around the 
electrode 16 can have a small intensity. 

As a result, the chemical 18 tends to be concentrated to a central region 
of the wafer 14 rather than a periphery of the wafer 14. Thus, the spin-coating 
apparatus illustrated in Fig. 3 cannot always provide a uniform thickness in a 
chemical coating layer. 

In the spm-coating apparatus illustrated in Fig. 4, since the lower 
electrodes 28 and the upper electrodes 30 have to be embedded in the rotary table 
22 and the electrode table 24, respectively, such that the electrodes 28 and 30 face 
each other, high accuracy with which the electrodes 28 and 30 are positioned is 
required, and in addition, it is unavoidable for the spin-coating apparatus to have 
a complicated structure. 

SUMMARY OF THE IN\^ENTION 

In view of the above-mentioned problems m the conventional spin- 
coating apparatuses, it is an object of the present invention to provide an 
apparatus for spin-coating a semiconductor substrate, which is capable of 
providing a uniform thickness in a chemical coating layer to be formed on a wafer, 
without an increase m complexity in a structure of a spm-coating apparatus. 

It is also an object of the present invention to provide a method of spm- 
coating a semiconductor substrate, which is capable of doing the same. 

In one aspect of the present invention, there is provided an apparatus 
for spm-coating a semiconductor substrate, including (a) a rotary table rotatable 
in opposite directions, (b) a nozzle dropping coating material onto a semiconductor 
substrate lying on the rotary table, (c) an electrode having a rmg-shaped cross- 
section and disposed around the rotary table, and (d) a power source applying a 
voltage to the electrode, the voltage having an electric polarity opposite to an 



electric polarity of the coating material. 

In the above-mentioned spin-coatmg apparatus, a voltage having an 
electric polarity opposite to that of the coating material such as chemical is 
applied to the electrode formed to surround the rotary table therein. Hence, an 
electric field is generated around the rotary table and accordingly a semiconductor 
substrate fixed on the rotary table. Since the coating material is attracted to the 
electric field, the coating material is uniformly coated on the semiconductor 
substrate not only in a central region but also in a peripheral region. Thus, the 
spm-coatmg apparatus makes it possible to form a coating layer having a uniform 
thickness, on a semiconductor substrate. 

The power source may be designed to apply a voltage to the electrode, 
the voltage changing its level periodically with the lapse of time. 

In this arrangement, as the voltage varies, coating material is 
periodically coated over a semiconductor substrate. That is, the coating material 
IS coated over a semiconductor substrate m a scan mode, ensuring that the coating 
material is uniformly coated over a semiconductor substrate. This arrangement 
IS useful m particular for a semiconductor substrate having a great diameter. 

It IS preferable that the electrode is designed to be rotatable about a 
rotation axis of the rotary table. 

By designing the electrode rotatable about the rotary table as well as 
designing the rotary table rotatable, it would be possible to cancel a difference m 
an intensity of an electric field among regions of the electric field, ensuring 
generation of an electric field having a uniform intensity. 

It is preferable that the electrode is able to raise and lower relative to 
the rotary table. 

By designing the electrode to be vertically movable relative to the 
rotary table, a semiconductor could be readily placed on the rotary table. 

It is preferable that the spin-coating apparatus further includes a 
second electrode embedded m the rotary table. 
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In accordance w,th this embodiment, an electric field generated by the 
second electrode cooperates with an electric field generated by the electrode to 
thereby ensure to uniformly coat coating material over a semiconductor substrate. 

It is preferable that the power source applies such a voltage to the 
electrode that a force applied to the coating material by an electric field generated 
by the electrode is almost equal to a gravitational force exerted on the coating 
material. 

An electric field generated by the electrode exerts a substantially 
horizontal force on coating material. A gravitational force vertically downwardly 
exerts on coating material. Hence, it would be possible to exert a force on coating 
material which force is directed at about 45 degrees downwardly, by controlling 
the voltage such that the force exerted on coating material by an electric field 
generated by the electrode is almost equal to the gravitational force exerting on 
coating material. As a result, it would be possible to direct coating material 
towards a periphery of a semiconductor substrate. 

There is further provided an apparatus for spin-coating a 
semiconductor substrate, including (a) a rotary table rotatable in opposite 
directfons, (h) a nozzle dropping coating material onto a semiconductor substrate 
lying on the rotary table, (c) a plurality of circumferentially-split electrodes 
cooperating with one another to thereby form an electrode having a ring-shaped 
cross-section and disposed around the rotary table, and (d) a power source 
applying a voltage to the circumferentially-spHt electrodes, the voltage having an 
electric polarity opposite to an electric polarity of the coating material. 

For instance, a circumferentially-split electrode may be designed to be a 
quadrant. By designing the efoctrode to be comprised of a plurality of 
circumferentially-split electrodes, the electrode may be fabricated more readily 
than an electrode to be formed as a single piece. If one of circumfcrentially-split 
electrodes were broken, only the broken one can be replaced with a new one, 
ensuring no necessity of replacing an entire efoctrode with a new one. 
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It IS preferable that the power source is comprised of a plurality of 
second power sources each of which is associated with each of the 
circumferentially-spht electrodes, each of the second power sources applying an 
independently controlled voltage to the associated circumferentially-split 
electrode. 

By applying different voltages to the circumferentially-spUt electrodes, 
It IS possible to generate electric fields having different intensities in association 
with the ch-cumferentially-split electrodes. For instance, when elements are 
formed on a semiconductor substrate at different densities and coating material is 
intended to be concentrated at a predetermined region of the semiconductor 
substrate, a greater voltage is applied to circumferentially-split electrodes located 
close to the predetermined region than voltages to be applied to the other 
circumferentially-split electrodes. As a result, an electric field having a greater 
intensity is generated at the predetermined region, which ensures that a greater 
amount of coating material is coated on the predetermined region of the 
semiconductor substrate than an amount of coating material to be coated on other 
regions of the semiconductor substrate. 

It is preferable that each of the second power sources applies a voltage 
to the associated circumferentially-split electrode, the voltage changing its level 
20 periodically with the lapse of time. 

It is preferable that the second power sources applying a voltage to the 
eircumferentially-split electrodes situated facing each other, the voltage changing 
its level periodically with the lapse of time. 

In this arrangement, as the voltage varies, coating material is 
25 periodically coated in regions associated with facing circumferentially-split 
electrodes in a semiconductor substrate. That is, the coating material is coated 
over a semiconductor substrate m a scan mode, ensuring that the coating material 
IS uniformly coated over a semiconductor substrate. This arrangement is useful 
in particular for a semiconductor substrate having a great diameter. 
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There sfU further provided an apparatus for sp.n-coatmg a 
se,n,conductor substrate, tneludtn, (a) a rotary table rotatable .n oppostto 
drrectron. (b) a tto.zle dropp.n. coattng nrater.al onto a sen^conductor substrate 
l,n, on the rotary table, (c. a pluraUty of vert,cally-verttcaUy-.spUt electrodes 
eooperatrn. wtth one another to thereby tornt an electrode havrn. a rrn,.shaped 
eross-sectton and disposed around the rotary table, and <d) a power source 
applytng a voltage to the verttcallyspUt electrodes, the voltage hav.ng an electrtc 
polarUy oppos.te to an electrk polanty of the coatmg materral. 

For instance, an electrrc f.eld can be concentrated at a periphery of a 
senrtconductor substrate nrore tntenstvely by applying a voltage only to lower 
verttcally-verttcallyspUt electrodes than a case where a voltage ts applied to all of 
vertically-verttcally-sp.it electrodes to thereby generate an electric f.eld. Thts 
ensures effective concentratton of coattng mater.al onto a surface of a 
semiconductor substrate. 

It preferable that the power source rs comprised of a plurahty of 
second power sources each of whtch ts assoctated wtth each of the verttcally-spUt 
electrodes, each of the second power sources applying an tndependently controlled 
voltage to the associated vertically-split electrode. 

It ts preferable that each of the second power sources applies a voltage 
to the associated vertically-split electrode, the voltage changing its level 
periodically with the lapse of time. 

In another aspect of the present invention, there is provided a method 
of spin-coating a semiconductor substrate, including the steps of .a) dropping 
coating material onto a semiconductor substrate, .b) rotating the semiconductor 
substrate about a center thereof, and (c) generating an electric field around the 
'semiconductor substrate, the electric field having an electric polarity opposite to 
an electric polarity of the coating material. 

U ,s preferable that the method further includes the step of locally 
.„,.,ing an intensity of the electric field circumferentially of the semiconductor 



svibstrate. , . 

It ,s preforablo that an >nten..ty of the electr.c field >s vanod ,„ rog.oas 

of the som,co„ductor substrate cfcumfetont.ally factng each other. 

It ,s preferable that the method farther rrrcludes the step of locally 
5 vary.n, an tntenstty of the electrto field verttcally of the se.tconductor substrate. 

It is preferable that the method further rncludes the step of varyrng an 
mtenstty of the electric field periodically with lapse of ttme. 

It rs preferable that the method further tncludes the step of generattng 
a second electr.c field below the semiconductor substrate by a voltage havtng an 
to ,electr,cpolarttyoppos.etoanelectr.cpolarttyofthecoattngmatertal. 

It .s preferable that a force appUed to the coat.ng material by the 
electrrc field .s almost equal to a gravttattonal force exerted on the coattng 

material. . 

The advantages obtained by the aforementioned present tnvenfon w.U 

15 be described hcreinbelow. 

I„ accordance wtth the above-menttoned present tnvent.on, eoattng 
matertal dropped onto a sem.conductor substrate ts attracted to an electrtc field 
generated by the electrode around the sem.conductor substrate. Hence, t e 
.oattng materta, rs not concentrated at a center of the semtconductor substrate, 
,0 hut.sfac.Utatedtounrformlyspreadoverthesem.conductorsubstrate,enstn.tnga 

..tnform tbtcUness tn a coattng matertal layer to be formed over the semtconductor 

substrate. 

The above and other objects and advantageous features of the present 
.„ventton w.U be made apparent from the fo.low.ng descrtpt.on made wtth 
reference to the accompanying drawings, tn whtch Uke reference characters 
designate the same or stm.lar parts throughout the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F.g. 1 ,s a front v,ow of an apparatus for sp,n.coatu,g a sem.conductor 



substrate. 

Fig. 2 ,s a schemat,c v.ow of a conventional apparatus for spm-coattng a 

semiconductor substrate. 

Kg. 3 .s a schematic view of another conventional apparatus for spm- 

5 coating a semiconductor substrate. 

Fig. 4 IS a schematic view of still another conventional apparatus for 

spin-coating a semiconductor substrate. 

Fig 5 IS a schematic view of an apparatus for spin-coating a 
semiconductor substrate, in accordance with the first embodiment of the present 
10 invention. 

Fig. 6 IS a top plan view of the spin-coating apparatus illustrated in Fig. 

Fig 7 IS a schematic view of an apparatus for spin-coating a 
semiconductor substrate, in accordance with the second embodiment of the 

15 present invention. 

Fig 8 IS a schematic view of an apparatus for spin-coating a 
semiconductor substrate, in accordance with the third embodiment of the present 
invention. 

Fig 9 is a schematic view of an apparatus for spin-coatmg a 
20 semiconductor substrate, in accordance with the fourth embodiment of the 

present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[First Embodiment] 

Figs. 5 and 6 illustrate an apparatus for spin-coating a semiconductor 

substrate, in accordance with the fust embodiment. 

As Illustrated in Fig. 5. the spm-coating apparatus ,n accordance with 
Ihe first embodiment is comprised of a rotary table 40 designed rotatable m 
„„p„s„e directions, a spindle shaft 41 connected to and rotating the rotary table 



40 a spray no.Ae 44 d.opp.ng cho^.a, 43 onto a .o^conduetor substrate 42 
on the rotary table 42, and an electrode 45 havtn. a r^n.-shapod cross- 
section and disposed around the rotary table 40. 

As illustrated ,n F.g. 6, the electrode 45 .s compr.sed of first to fourth 
5 quadrant electrodes 45a, 45b, 45c and 45d connected to one another to thereby 
for. a r,ng-shaped electrode. Electrtcal rnsulators 46 are sandwtched between 
the first to fourth quadrant electrodes 45a, 45b, 45c and 45d. 

The first to fourth quadrant electrodes 45a, 45b, 45c and 45d are 
electrically connected to first to fourth power sources V„ V„ and V., 
.0 respectively The first to fourth power sources V„ V. V, and V. apply a vo ta.e 

chemtcal 43, to the first to fourth quadrant electrodes 45a, 45b, 45c and 4od, 
respectively. 

n r. -p^cr the electrode 45 is designed to 
As illustrated with an arrow C m Fig. o, the 

15 be able to raise and lower relative to the rotary table 40. 

The spray nozzle 44 is grounded. 

The sptn-coattng apparatus having such a structure as mentioned 

above is used as follows. 

First the electrode 45 ,s kept being raised relative to the rotary table 40. 
• dne.or substrate 42 is fixed on the rotary table 40 by means of a 
20 Then, the semiconductoi suDSuate 

vacuum chuck, for instance. 

Then the electrode 45 is lowered down to such a level that a lower edge 
ef the electrode 45 is level with an upper surface of the semiconductor substrate 

42. J , 

Then the chemical 43 is dropped towards a center of the semiconductor 

substrate 42 from the spray nozzle 44. At the same time when the chemical 43 

,tarts to be dropped, the power sources V„ V. V, and V. start applying a voltage 

.„ ,He first to fourth quadrant electrodes 45a, 45b, 4.5c and 45d, respective y. 

Thus, there is generated a force which attracts the chemical 43, around the 

12 



periphery ofthe semiconductor substrate 42. 

3,.ft 41 starts .e.n, rotated, na.o.y, t.e rota, table 40 and acecd.n.lv th 

, to., substrate 42 start be.ng rotated tn a d.rect.on .nd.cated wtth an 
...onducto. subst t ^ ^^^^^^^^^^^ ^^^^^ ^^^^^ 

arrow B resulting m that tneie i= & ^ ■ ..a 

:l.e. 43 .avtn. been dropped onto tHe se»tcondt,etor substrate 42 ts spread 
over the semiconductor substrate 42. 

As ntent^oned above, tn accordance wUh the sptn-coattn. apparat s, 

periphery of the semiconductor substrate 42. 

p,rst, there . explained a trajectory of partrCes of the chemtca. 
havmg been dropped through the .spray nozzle 44. 

The particles of the dropped chemical 43 contain ions havin, posruve 

'■3 lilt, p and V, apply a 

W>.pn the power sources Vi, XS, V3 ana 4 ^i'f ^ 
and negative electric charges. When the pow 

tivLrnegative voltage to the first to fourth^uadrantelectrodes 4.^ 

!nd 45d, respectively attractive or repulsive force is exerted on paitic. 

^„ - - - - : 

r A r,\rn is which is a negative ion. It 

hydrofluoric acid. Etchant for an oxide film is HF . 

u VI V2 V3 and V4 (V1=V2=V3=V4=V>0) are applied to the 
voltages VI, V2, V3 

fourth quadrant electrodes 4oa, 45b, a j . „ it 

- „.e attracted towards the electrode 45, and hence. It 

containing negative ions a.e attracted „,,,phery of the 

2., would be possible to accomplish chemical flow directing to a periphery 

semiconductor substrate 42. 

Herein, dimensions are defined as follows. 
Mass of a particle of the chemical 43: M = 1 g 
The number of ions contained in a particle of 1 g: N = 3 > 10 
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Gravitational acceleration: g - 9.8 m/s" 

Elementary quantity of an electric charge: e = 1.6 x 10 C 

Diameter of the electrode 45: d = 20 cm 

Height of the electrode 45: h = 10 cm 

Spac.„g between the spray nozzle 44 and the se,n.co„duoto.. substrate 42: s = 
10 cm 

Radius of the semiconductor substrate 42: r = 10 cm 

A tT.P narticles of the chemical 43 all over the 
In order to spread the particles oi 

....onanetor substrate 4. a foree generated b. an e.eetric fie.d wh.ch the 
,0 electrode 45 generates .s designed to be a.nrost e.nal to a grav.tat.nal fo.e^ 
Hence. theeteetr.cf.e,dE,eneratedh.thee.ectrode45has to havean.nten.E 

= Mg/Ne = 200 (V/n.). Th.s means that the voltage to be apphed to 

electrode 45 is calculated as follows. 
V = d X E = 40 (\0 

Though the electrode 45 . c,rcun,terent,ally d.v.ded ,nto four pieces 
«a 45b, 450 and 45d .n the above-.ent.oned hrst e.hod.n^ent, the number of 
p,eces .s not to he l.nrrted to four. The electrode 45 nray be d.v.ded nrto 2, 3. o or 

greater. 

[Second Embodiment] 

F>g 7 mustrates a spm-coatrng apparatus rn accordance w.th 
,econd en,bod.ment. Parts or elements that correspond to those of the spnr- 
'coat^ng apparatus rllustrated .„ ... 5 have been provided .Uh the same 

reference numerals. the 

,n the second embodiment, a voltage wh.h var.es per.od.cally w.th 
lapse of tn.e . appUed to the quadrant electrodes s.uated facrng each other 
. : .stance, the power sources V, and apply voltages Vt and V3 to t he r 

th.rd .uadrant electrodes 45a and 4.5c. respect.vely The hrst and t 
,.adrant electrodes 45a and 45c face each other, and the voltages VI and X 3 va.y 
periodically with the lapse of time. 



VI nnd V3 may be defined as follows. 
For instance, the voltages VI and Vd m > 



VI = V cos (at) 
V3 = 



" . V3 vary as Ulustrated m F.g- 7, flow of the 

■ J- olUr c^f^anned between a path maicatL^ 
5 ehe.>ca,43.penod.oal.yscan ^^^^^ ^^^^ ^^^^ 

Une 47a and a pafh .nd.ated a ^ ^^^^^^^ ^^^^^^ 

oHe»,ca, 43 dropped a scan mode. 

..e».a. 43 fo a periphery of .he sen.reondue.or snhsu. ^ ^^^^^^^^^^ 

... sprn-ooaUn. apparatus tn aeeordan e w.h fh 
.usefuf.nparUeufarforthese™.condu.orsu s.-^^^^^^^^ ^^^^^^ 

add..on, s.nce the sp.n-coat.n, apparatus 
enrhod.n.ent has no „echan.ea. .ovahfe portrons, n paU . 
.enee,theehe™.a. 43 canhe dropped rnaseannrod 

Furthermore, variance tn d.mens.on of the P " ,^ 
44 can be absorbed by controUmg the voltages 

V3 to be applied to tnc 

20 apparatus illustrated m Fig. 5 

numerals. . , ^^i^cL embodiment 

,He sp.n.eoat.. apparatus rn accordance ^h ^^^^^^ 

.eludes a second electrode 4S enrbedded tn the ^^^^^ ^^^^^ 

— - - ^-^:7T1 ^ou.xe 4. appUes a volta.e 

25 to fourth power sources V„ „ 3 .molarity of particles of the 

ehem,cal 43, to the second electrode 48. ^_ ^^^^^ 

J .„ „,th the spin-coating apparatus, tnee 

;:::::::::.->■■..-■ - 



„„«o™>V sp-eaa .he che... 43 eve. *e .e..=o.duc.. ..bst..e 4. and 
...;na..Keseeon.e>ec.o.e4Sa..c..ee.e..aU3.....a.^^^^^^^^^^^ 

.Ke se— .0. su.s.a.e 4. Hence, . . ensured that tKe cHe..a, 
uniformly coated onto the semiconductor substrate 42. 

'"'::;:::itesasptn.c^^^^ 

...o..ent; Parts or elements that correspond to those oC the sptn« 
..paratus .Uustrated tn Ft. 5 have heen provided w.th the same reference 

, :n the th.d emhodnnent, each oC the first to fourth quadrant electrodes 

... to 45d ts comprtsed of two vert.caU.V-spUt electrodes .Oa and 50. Electrtca. 
.nsulators are sandwiched between the vertteaU.spUt electrodes 50a a 0. 

The verttcaUy-spUt electrodes 50a and 50h are electrically connected 
newer sources V, and V„, respectively. 
, " Por instance, the power source V. applies a volta.e V5 to the low i 

voltage V5, to the upper electrode 50b (A'5>V6). 

Thus as the chemical 43 approaches the semiconductor substrate 42, 
.He electric field applies a .eater force to the chemical 43.vMch wWd en^^^.e 
.0 that the chemica, 43 is spread to a periphery of the semiconductor substtate 42. 

Though the first to fourth .uadrant electrodes 45a to 45d are vertical y 

electrode 45 may be vertically divided into 3 or greater. 

I„ ,he above-mentioned first to fourth embodiments, the electiode 45 i 

semiconductor substrate 42. 

For instance, when the electrode 45 is to be formed as a s n le 



...... „.,. »■ - • '■-rrriri"' 

semiconductor substrate 42. Thus, P 
having a uniform intensity. 

...su..e .n aeocaance wU. .he fifth e.hoa^en. wUh .ere.en. .o F.. ana 



' The n«thoa . eo^pnsea of the fi.t step of atcpp.n, the che..al 43 

Kfate 42 the socona step of rotatmg the 
10 onto the sem.conauctor suhst.ate 42, 

^ 49 ibout a rotation axis thereof, ana tnc tm 
semiconauctor substrate 42 about a 40 „hich electric 

, f ^ f,eia arouna the semiconauctor substrate 42 which 

— ^^^^^^^^^^^ 

^""""r'llnce, the thii-a step ma. be carriea out b. arran.n. the 
,_ae 4. ha™, a rin.shapea cross-seetion, arouna the seniiconauetoi 
substrate 42, as illustratea in Fig. G. , he Umitea to 

An order for carrying out the first to third steps is not to be 

a thira oraer For instance, the first and thu-a steps may be 
"::::!ro:tna thereafter, the second step may be carried out. ^n 
" ^°;:r rrZ out the first to third steps may be seiected in any way unless 
e.erts on the chemica. 43 whiie the chcmica. 43 is dropping onto 

'^^-~re:ectricfieiamaybe.ocaUy.ar.edc_^ 

AO For instance as illustrated m Fig. b, an 

, , A.^ 4^5^ 45b 45c and 45d, from one another, 
fourth quadrant electrodes 45a. 4ob, 

An intensity of the electric field may be varied not toi all 



'-»tr::;::::::"=:— 
-"'""■::::;r:::r:::r::"'-".---^ 

. to 45d may be verdcally dWided mto two p.eoes, and different 

a. aUe™at.e, a. ...Uy o. tHe e,ect.. ..d ™ay .e ^ 
. , .„tt,me For mstance, the po«er sources ^, and 

7" VS n rrrst and tMrd ,nadrant e.ectrodes 4.a and 

....pp^yvoa.^^^^^^ 



-j^^^ Vl= V COS (at) 

V3 = -V COS (at) 



'•■•7;;'"" 
...„,„.,„-.». 

While the present mvention has been 

u nts xt IS to be understood that the subject mattex 

,0 certaxn preferred enxbodxnxents, xt xs to ^ ,,,,,,,, ed to those specxfxc 

f f T.rpsent invention is not to be iimitbu 
encompassed by way of the present ^^^^ 
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